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@ DO Detector

@ Diboson Production at the
Tevatron

@ Cross Sections and
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@ Summary
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See other related talks at this conference:
- Tevatron W & Z Production & Asymmetries: Dave Waters (Univ College London)
- Higgs Searches at the Tevatron: Lars Sonnenschein (LPNHE Paris)
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@ Tevatron Collider with both D@ and CDF operating successfully
@ Tevatron delivered [ L dt > 1.4 fb'

> recorded > 1 fb-! per experiment

> peak luminosities ~ 1.7 x 1032 cm-2 s1

> weekly integrated luminosity ~ 20 pb-1/week

o Datasets used for results reported here range from ~ 0.2 to 0.8 fb-'
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2T Solenoid

Dﬂ DeteCtOr Fber Tracker

| Silicon p-strip Tracker

@ Silicon detector and scintillatin Preshowers

fiber tracker in 2.0 T solenoida Forward Muon
field wy Tracking+Trigger
- Coverage up to |n| = 2.5 (N |
& Liquid Argon/Uranium i
calorimeters R
- Central and two forward P
calorimeters AN
- Stable, uniform response, R P2

radiation hard

to |n| = 4.2
@ Muon System
- Coverage up to |n| =2.0

- Three layers of scintillatoBgamline =
and drift tubes Shielding K

- Central and Forward L
- A layer - inside 1.8T toroid o
magnet ook

ST ) Central Muon
- Shielding reduces . ()
backgrounds by 50-100x Scintillators B

@ Three Level Trigger
-L1/L2/L3 ~ 1800/1000/50 Hz
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Electroweak analyses make use of
the full detector capabilities
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@ Measure cross sections and
anomalous couplings

- Probe non-Abelian nature of
SU(2),®U(1), — gauge boson

self-interactions qq'— W[:} Wy : WWy only
- Observation of events above qgg'—w' :'* WL WWZ only

Standard Model expectation lag =ZIy" - WW: WWy WWZ

would indicate new physics qG —ZIy" -Zy [ZZy.Zyy

a@ Excursions from the SM can be qq —ZIy" -2z |ZZy.7ZZ
described via effective Absent in SM
Lagrangian:
Lonv / Gy = g\l/ (\/V;VW VT _W:VVW ) where v=7, y
e, W w v 4 AVZ W, WAV
Ile
In SM: Determine deviation from SM values:
gy =k, =1, 4, =0 Agy =0y -1 A, Ax, =x, -1
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Studying Dibosons at the Tevatron .

@ Diboson production cross section 3 & == W=h
is small i &
= -t F 5|17
» 102 - 104 of single boson £ 107,
production cross section %m : - Wy vy
@ Look for final states with W/Z o | oy Ty 1Ty
decaying to e or p 21}
» Smaller branching ratio but 107 bbidilin
cleaner signal i WZ4+ZZ s v ||,||||,||1,-1,-__::wz_} -
@ Diboson production is an i s L i
important background to other Ty Ml e
high p; processes al e ey
» Top pair, Higgs, SUSY
= X W,y
= W,y
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¥ WW Production Cross Section

S

g NN q W

E W
7"
SM: 1 y :;'_ H {
a—i—m W _ g W

q W

q W q W
Resonance X Anomalous 2y
searches: > B < couplings: >/vw<

7 W q W

@ Sensitive to WWZ / WWy couplings

@ Dilepton channel provides cleanest signature: ee, uu or ep
accompanied by missing E;

@ Main background processes: W+j/y, dijet, Drell-Yan, top pairs, WZ, ZZ

@ Theory prediction for production cross section is 12.0-13.5 pb (J.
Ohnemus, PRD 441403 (1991); PRD 50, 1931 (1994); J.M. Campbell
and R.K. Ellis, PRD 60, 113006 (1999)) — accessible at Tevatron Run
Il already with a couple of 100 pb-'.
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@ Event Selection

GO

CDF: WW—II+MET Cross Section .

| Preliminary (825 pb "

ey 187 ]

tA_ci , t =« Data _ _ ]

>G2e\</)pp051te signed leptons (e,u) w/ pr>20 % 16 %ww [L dt =825 pb! :

C 14 °L WZ+27 ]

» Missing transverse energy (MET) > 25 GeV E.j 12 B e ;

> If both leptons are same flavor and 10t 1wy ;

76<M,<106, then require MET/V(ZE;) > 3.0 gf oremven | ]

> Ao (MET, nearest |) > 0.3 if MET < 50 GeV ef | 7T ]

> 0 jets (Er>15 GeV and .| nl<2.5) al ' ! —

@ Observe 95 events with an expected 2 E - T

signal and background of 52.4+4.3 0
and 37.8+4.8 respectively T e
Mode ee ey up Il
WWwW 128+0.1x1.1 | 288x0.1£24 1070109 || 5244+:0.1 =43
Drell-Yan | 50+ 0.5+ 1.3 3.8+04 1.0 3004 £08 11.8 4+ 0.8 &+ 3.1
tf 0.1+004+00 | 0.1 £00+00 | 00£004+00 || 0.24+00+0.0
WZ+ZZ | 36+004+04 | 09+00+0.1 | 344+00+03 || 794+ 0.0+0.8
Wy 36401407 | 32401407 | 00+£00+00 || 6.84+02+ 1.4
W+jets 3002407 670420 1.3£02+£0.5 11.0+£0.5 £ 3.2
SumBkg | 152+06=x1.7 | [48+06=x23 | 780410 || 37.8£09 =47
Expected | 28.0+0.6 20 | 43.7£0.6+ 3.3 | 185+£04 £+ 1.3 90.24+09 £ 6.4
Data 29 47 19 95
c=13.6+2.3(stat)x1.6(sys)x1.2(lum) pb
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w DO : WW—=II+MET Cross Section .

@ Look for two oppositely charged leptons (e, n) plus missing ET
@ D@ and CDF selection for WW signal are similar
@ Found 25 candidates in ~237pb-!
@ Expected background 8.1 + 0.6 (stat) + 0.6 (sys) £ 0.5 (lumi)
@ First 5.2c observation of WW production at the Tevatron
> J4 ee _“DATA Dg| g > 4 euw - DATA DO
§10 — 8102 3102? =€\§;va
—107 0 QCD, W+jety| — | —10t 0 QCD, W+jet/y
[ [ WZ+2Z 0 104 :
S0 lth c | _ l
i Q b
107 AT
Fl* 10 _ I [N g g :
100 20 40 60 100
my" (GeV) E; (GeV)

m'T"'n (GeV)

o(WW) = 13.8 +43  (stat) *1-2  , (sys) = 0.9 (lumi) pb | PRL 94, 151801 (2005)

& Both CDF and D@ measurements of WW cross section are
consistent with the SM expectation
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b P W @ Sensitive to purely WWZ vertex
(WW is sensitive to WWZ /WWy)

DES WZ Production

. W=
€ IR
: @ WZ production unavailable at e*e-
a5 z z colliders

o SearCh fOI" W1 pI'OdUCtiOI"I in 3 WZ Production Branching Ratios
leptons (eee,eep, e +
mi or I(E ,eeu, eup, pup) — Cleanest

. .g T . Signal Mode
@ Distinct, but rare signature: Fully leptonic

B W to hadrons

Tau Final States
Z to Hadrons

B Z to Neutrinos
Fully Hadronic

» o(ppbar—>WZ) = 3.7+ 0.1 pb
(J.M. Cambell and R.K. Ellis, PRD

60, 113006 (1999))
» Branching fraction ~1.5%

& Background processes: Z+jet(s),
ZZ, Zy, ttbar production
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w CDF: W=Z°>I#l*|I"+ MET Cross Section

a _[ L dt = 825 pb-1 Signal:
@ Event Selection WZ:  3.72+0.02 (stat.) +0.15 (syst.)
- 3 leptons (e,u) w/ p>20, 10, 10 GeV
-76 <M, < 116 GeV Backgrounds:
- MET > 25 GeV Z7Z: 0.50 + 0.01 (stat.) £0.05 (syst.)
a@ Observe 2 events with an expected Zy: 0.03 +0.01 (stat.) +0.01 (syst.)
signal and background of 3.7+0.3 and tt: 0.05 £ 0.01 (stat.) £0.01 (syst.)
0.9+0.2 respectively Z+jets: 0.34 +0.07 (stat.) 055  (syst.)
c(WZ) < 6.34 pb (95% C.L.) Total: 0.92+0,07 (stat)) =5 (syst.)
N — CDF Il Proliminary (825pbY 400 GDEN Pl (2500 )
8 O Zunyy {3 o0} B backgrounds|
N DZee)yy | Caof |
£ @mwZz | Bl ]
g (122 1 e} k
Ot 1 £ sk ; ;
Bl Z+jets 2 40l  : ;
1 ':a 30 * - 8- f
g 20} i —
- . ] 512,"555%5"* ]
0 20 40 60 80 100 120 40 50 60 70 80 90 100 110 120
Missing Transverse Energy (GeV/c) Dilepton Invariant Mass (GeWcz)
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S

o [Ldt=300pb

-

@ Observed 3 events (1eee, 2uup) S
with an expected signal ancfJ ur
background of 2.0+0.2 and 0.7+0.1 2
respectively ‘Eé’

@ Prob (3 events | 0.7 bkg) = 3.5%

c <13.3 pb at 95 % C.L.
o =4.55338 , (stat+sys) pb

@ Anomalous Couplings limits:

1 D limits at 95% C.L. for A=1 TeV: | <
-0.53 < A, <0.56
-0.57 < Agf< 0.76
-2.0 < Ax;<2.4

PRL 95, 141802 (2005)

@ Best limits if AgZ, Ak, and A, from
direct, model-independent
measurement

WD DO : W=Z°—l:*I'+ MET Cross Section .

100~
- D@ Runll L chianpel
8o v
60:— SEHHE |
20 40 60 80 100 120 140
Dilepton invariant mass (GeV/c?)
1 - i DG Bun il
L~ H . i i i i
05 2Dlimitat95% C.L.
00— \ ...........
-0.5— - A=1.5' P9 ------------------------------------

) | i i 5 : " I i
1 08 06 04 02 0 02 04 06 0.8 1

AQ 1Z(=A Kz)
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CDF: WW/WZ —lvjj Cross Section

a Higher branching fraction, but _— @ Trigger on the charged lepton.
. 350/pb of electron and muon data.

large W+Jets.background |

a Event Selection q @ Require missing transverse energy.
L
- lIsolated Lepton p;>25 GeV Sy — - T e
. - @0t asample of Inclusive V.
- > 2 jets w/ E->15 GeV
T
- MET > 25 GeV 4 -

— @ Look for at least two jets and form

l”f the invariant mass.

q

- Dijet mass 32-184 GeV q

@ Fit the expected W/Z and

Background plus WWﬂNZ hypothesm flt to data background dijet mass shape to data
I I T

=- ~ .\ - I' ;. T - . "
3 450:— CDF Run " prellmlnary L 350 pb to extract the Dh-boson fraction
- C

"6400—_ ¥ Data

T F

> 350__ — Background

w =

300

= Backg.+signal

250

200 ,
Prob(y%)=0.18

150

c(WW+WZ) < 36 pb at 95% C.L.

100

WW+Wmedimd = 160 events
50

WWHWZ = 109 1+ 110(stat) + 3d(sys) events

0 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1
40 60 80 100 120 140 160 130

Dijet mass (GeWc )
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w CDF: WW/WZ —lvjj Anomalous Couplings

@ W transverse momentum most
sensitive for AC limits

- formed from the lepton p; and
the MET (neutrino)

@ Full spectrum fitted for the AC
hypothesis and used for setting
the limits

WW/WYZ to lep.+jets, measured 95% CL limits

Eventsf&f)ﬂ pb'1
=) =)
< IIII| T IIIIIII| T IIIIIII| T IIIIIII| T IIIIIII| ITTT

-

-
c|

‘_qz 0-6_ T T T | T T T I T T T | T I_‘1 T | T | T T T ]
| CDF Run Il preliminary, L = 350 pb i
Systematics included
0.4 I A=1.5TeV, equal TGC for y and £. ]
L Statistics only -]
02 ]
oL _|
02— ]
-04 _— —l— 1D systematics included—_
_D_ B 1 1 1 | 1 1 1 I 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 N
-?).6 -04 -0.2 0 0.2 0.4 0.6
Ak

M

ra

WWMWZ to leptons + jets, W transverse momentum

| T T T T | T T T T | T T T T | T
CDF Run ll preliminary, L = 350 pb'1

—»— Data

—=— MC total

WA

W2

Wij

QCD

Zii

Top

ORCOENE

i

1 1 I 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 1
100 200 300 400 500
W({LMET) transverse momentum {GeV/c})

@ Measured anomalous couplings
limits, 1D, 95% C.L.

- Assume equal TGC for
Z and y, A=1.5 TeV:

-0.51 <Ak <0.44
-0.28 <A <0.28
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DE> Wy Production

Q2

Three diagrams at tree level

ISR g Wy Vertex ‘r i i FSR T

; S g e BAL
Sensitive to WWy coupling
Study final states with W decaying to electron or muon - events with
e/u + vy + missing E;.
Main background from W+jets and Z+X (lepton from Z lost/mis-
identified).
Efficient photon identification crucial

» E; > 7 GeV (CDF), E; > 8 (DO) GeV,

> |n| < 1.0 (CDF), |[nm]| < 1.1 (D0) GeV
Highest sensitivity to Anomalous Coupling at high photon E; and M +(W,y )
FSR photon in Wy is sort of “background” for studying AC — apply
AR(lepton,y) > 0.7 to suppress FSR contribution

Theoretical cross section ~16-19 pb  (U.Baur, E.L. Berger, PRD
41, 1476 (1990))
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DS Wy Production

DO CDF
Channel evy LYy evy LYy
J L dt, pb! 162 134 202 192
Wy 51.2 £11.5 89.7 £13.7 126.8 £ 5.8 95.2 +4.9
Total Bkgrd 60.8 £ 4.5 71.3 £5.2 67.3 £18.1 47.3+7.6
# Observed 112 161 195 128
A*g 2.3% 4.4% 3.3% 2.4%
o*BR, pb 13.9+2.9+1.6 15.2+2.0*+1.1 19.4+2.1+2.9 16.3+2.3+1.8

& Cross section from combined electron and muon channels

DO: o(Wy, EZ >8GeV,AR(4,y)>0.7) = 14.8+1.6(stat) +1.0(sys)+1.0(lum) pb

SM expectation : 16.0 + 0.4 pb

PRD 71, 091108 (2005)

CDF:oc(Wy, E7f>7GeV,AR(/,y)>0.7) = 18.1+3.1(tot.) pb

SM expectation: 19.3 £ 1.4 pb

PRL 94, 041803 (2005)
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@ Photon E; sensitive
to presence of
anomalous coupling

1D limits at 95% C.L.
for A= 2 TeV:

-0.88 < AK_Y<O.96

-0.20 <1, <0.20

PRD 71, 091108 (2005)

@ Important improvement
with respect to Run |

23 May 2003

Wry: AC limits from D@

DO Run ll
10 =
E E %S —e— Data (e + u channels) =
I @
® N ] [ ] SMMC + Backgrounds g
10 & [] Sum of Backgrounds <+
& F ] N
B e 4 | ul
- =
1 —d _I T
s 'y
: - £
107 & ol |
- [ —
10-2 1 I 1 I 1 L L I 1 1 1 I L 1 L l 1 1 1 I L L 1 I
0 20 40 60 80 100 120 140
EY (GeV)
0.4 DO Run ll
~ E o o
0.3F 2D limit at 95% CL
0.2
0.1
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-0.1F-
-0.2F
0.3F
- = L | L . 1 L
0'-4| D -0.5 1) 0.5 1 &1(1 .5
v
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@ ISR and FSR contribution at tree level, d d
but no ZZy or Zyy vertices in SM _ 70 |

@ Study final states with Z decaying to
ee or uu
> events containing ee/pu + vy
@ Main background from Z+jet(s)
where jet mis-identified as 1. e

@ Theoretical cross section ~4-5 pb M, (GeV/c?)
(U.Baur, T. Han and J. Ohnemus, PRD
57, 2823 (1998))
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DS Zy Production

Channel eey L1 LLLLY eey CDF LLLLY

J L dt, pb 324 286 202 192

SM Zy 109 £7 128 £ 8 31.3£ 1.6 33.6 £ 1.5
Total Bkgd 23.6 23 224+ 3.0 2.8+0.9 2.1+0.7

# Observed 138 152 36 35

A*g 11.3% 11.7% 3.4% 3.7%
c*BR, pb - - 4.8+0.8+0.3 4.410.810.2

@ Cross section from combined electron and muon channels

DO: oc((Z—1l)y, E{ >8GeV, AR({,)>0.7)=4.2+0.4(stat +sys)+0.3(lumi) pb

SM expectation : 3.9 +£0.2 pb

PRL 95, 051802 (2005)

CDF: o((Z—>(t)y, EZ >7GeV, AR(/,y)>0.7)=4.6+0.6 pb

SM expectation : 4.5+ 0.3 pb

PRL 94, 041803 (2005)

23 May 2003 HCP 2006 - Diboson Physics at the Tevatron 19



@ Effective Lagrangian has 8
coupling parameters:
> W10, W50, K30, Y4 (V=Z,y)
> All of these =0 in SM

@ Photon E; sensitive to

presence of anomalous coupling

1D limits at 95% C.L. for A=1 TeV
140,30 1< 0.23, [hty 4 < 0.019
Ih%4q,30 < 0.23, |h%y 49 |< 0.020

PRL 95, 051802 (2005)

@ Most stringent limits to date

o
—=
=

0.02 b=
0.00|
-0.02 -

Zy: AC limits from D@ .

—e— by
— QCD
— SM I'Ty + QCD
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DE> Summary .

@ Most of Run | measurements re-established; many improved
and new Run Il results:
> Significant number of diboson candidate events
» Good agreement with the SM
> measured o(WW) using the dilepton decay channel
> first evidence of WZ production

» Model independent limits on WWZ anomalous coupling using WZ
events.

> WWZ/WWy anomalous coupling limits from WW/WZ—lvjj final states

» Measured Wy and Zy production cross sections and extracted
corresponding anomalous coupling limits

@ More to come:
> Lots of more data to come/analyze
> Expect to observe Radiation Amplitude Zero in Wy production
> Measure Quartic couplings
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20 GeV
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